Background-Neighborhood context plays a role in binge drinking, a behavior with major health and economic costs. Gentrification, the influx of capital and residents of higher socioeconomic status into historically-disinvested neighborhoods, is a growing trend with the potential to place urban communities under social and financial pressure. Hypothesizing that these pressures and other community changes resulting from gentrification could be tied to excessive alcohol consumption, we examined the relationship between gentrification and binge drinking in California neighborhoods.
Introduction
Excessive alcohol use accounts for 1 in 10 deaths among working age adults (Stahre et al., 2014) and cost more than $249 billion in 2010 in the United States alone (Sacks et al., 2015) . Rough one in five US adults engages in binge drinking, defined by the Centers for Disease Control and Prevention as consumption, on a single occasion, of ≥5 drinks for men or ≥4 drinks for women (Centers for Disease Control and Prevention (CDC), 2013). Binge drinking accounts for half of the deaths, 7 of 10 years of potential life lost, and three quarters of the financial burden associated with excessive alcohol use (Sacks et al., 2015; Stahre et al., 2014) . The societal costs of binge drinking include lost productivity, property damage, criminal justice expenditures, and medical care (Sacks et al., 2015) , while the specific health risks are wide ranging, including liver damage (Åberg et al., 2017) , cardiovascular disease (Murray et al., 2002) , breast cancer (White et al., 2017) , sexually-transmitted infections (Kuntsche et al., 2017; Rowe et al., 2016) , and depression (Paljärvi et al., 2009) , to name a few. Binge drinking is a complex behavior toward which genetics, individual sociodemographic characteristics, personality and temperament, past experiences, parental role-modeling, social norms, and policy all contribute risk (Galea et al., 2004; Kuntsche et al., 2017) . Given the heavy social and economic burdens involved, there is considerable interest in better understanding the modifiable risk factors for binge drinking.
Binge Drinking in the Context of Neighborhood
Neighborhoods shape the health and behavior of those who live in them (Diez-Roux, 2016; Sampson, 2003) , and an unequal distribution of neighborhood resources contributes to health disparities (Do et al., 2008; Sampson, 2012) . This logic of these so-called "neighborhood effects" has been applied widely, from heart disease to depression (Mair et al., 2008) , framed in part by ecosocial theory, an explanatory framework for the multiple biobehavioral pathways leading from community social and environmental conditions to health outcomes (Krieger, 2012) .
A number of mechanisms linking neighborhood context to drinking behavior in particular have been proposed. One hypothesis views excessive alcohol consumption as a stress-coping response, and thus more likely to occur in stressful environments such as those characterized by socioeconomic deprivation and physical disorder (Galea et al., 2005; Hill and Angel, 2005) . Indeed, binge drinking has been linked empirically to both (Bernstein et al., 2007; McKinney et al., 2012; Rhew et al., 2017) .
Another hypothesized pathway linking neighborhood to alcohol use relates to collective efficacy, the informal social control and collective regulation of behavior (Sampson, 1997) . Collective efficacy is believed to be, at least in-part, an emergent social property of place, undermined by deprivation, residential instability and displacement, and other forms of disadvantage (Fullilove, 2005; Sampson, 2012; Wallace and Fullilove, 2008) and potentially influenced by physical features of the built environment (Cohen et al., 2008; Izenberg and Fullilove, 2016) . Data are mixed with regard to collective efficacy and alcohol use. Some studies have suggested collective efficacy may be protective, reducing isolation and mitigating stress (Fagan et al., 2014; Vaeth et al., 2015) . Others, by contrast, have linked increased collective efficacy to increased binge drinking frequency in adolescents (Jackson et al., 2016) . A recent study factoring in alcohol-related neighborhood social norms found that these norms appeared to predict drinking behavior, whereas measures of collective efficacy did not (Chauhan et al., 2016) .
A third potential pathway from neighborhood context to alcohol use patterns involves the availability of alcohol retailers and drinking establishments. A large number of studies have demonstrated an association between alcohol outlet density and an increased prevalence of at least some patterns of alcohol use (Azar et al., 2016; Brenner et al., 2015; Popova et al., 2009; Slutske et al., 2016) , while recent modeling efforts have suggested that reducing alcohol outlet density would likely have a considerable impact on population binge drinking, at least in a large urban area .
Gentrification
Studies of neighborhood effects have frequently treated neighborhoods as static, when they in fact change over time with respect to a range of factors, from physical form to racial and socioeconomic composition. After decades of decline and deterioration during the 20 th century, many urban areas are experiencing an influx of wealthier residents-as well as capital investment, a process commonly termed gentrification N. Smith, 2007) . While some view gentrification as a sort of naturalistic process driven primarily by changing lifestyle preferences among the middle-and upper-classes, many scholars have argued convincingly that gentrification is in effect a set of policies that include, for example, development incentives, tax breaks, targeted infrastructure, and neighborhood branding (Lees, 2008; Lees et al., 2008) .
Displacement of the poor and working classes, owing to increases in housing costs, is probably the most widely-debated impact of gentrification (Atkinson, 2000) . However, even if, as some have suggested, the true extent of gentrification-related residential displacement is relatively limited (Freeman, 2005) , the scope of gentrification's potential impact remains broad (R. J. Smith et al., 2017b) . For example, gentrification may place financial pressure on low-income residents, leading to stress, uncertainty, sub-optimal housing arrangements, and reduced mobility (Phillips et al., 2014) . Profound alterations to the physical landscape or social norms of a community may undermine the security of attachment to place (Fullilove, 1996) . Even low levels of displacement, particularly in such coercive forms as eviction, may ripple across place-based social networks and disrupt the so-called "weak-ties" upon which community social cohesion and collective efficacy rely (Desmond, 2012; Granovetter, 1973; Greenbaum, 1982; Wallace et al., 2007; Werth and Marienthal, 2016) . Finally, given the extensive history of residential racial segregation and targeted displacement of minority communities (Rothstein, 2017) , gentrification may be experienced by people of color in particular as a form of racialized structural violence (Freeman, 2006) .
Given that it may place significant stress on vulnerable neighborhood residents, disrupt the social networks foundational to collective efficacy, and alter the commercial landscape of a neighborhood, gentrification has the potential to influence all three of the aforementioned pathways linking neighborhood context to binge drinking. Yet, at the time of writing, there are, to our knowledge, no published studies examining the relationship between gentrification and the use of alcohol (or, for that matter, other substances). Indeed, empirical data on gentrification and health are few, with some findings mixed. Studies have suggested a link between gentrification and negative health outcomes, including preterm birth (Huynh and Maroko, 2014) and worsened self-rated health (Gibbons and Barton, 2016) ; in both cases negative effects were limited to black respondents, suggesting that gentrification's effects may be moderated by race. A more recent study found increased depression and anxiety in older residents of gentrifying neighborhoods, though lower-income residents in the same study reported higher self-rated health (R. J. Smith et al., 2017a) .
Our aim in this study was to evaluate the hypothesis that gentrification is associated with hazardous alcohol use, in the form of binge drinking, independent of individual level sociodemographic confounders, and to understand whether this association is modified by risk factors related to vulnerability to gentrification, including sex, race/ethnicity, household income, housing tenure, and neighborhood residential duration. For further exploratory analysis, we also examined three-way interactions between gentrification, neighborhood residential duration, and each of the following: sex, race, and income. With respect to these three-way interactions, we examined income and race because they are demographic characteristics often used to characterize so-called "gentrifiers"; we examined sex on account of evidence suggesting it may affect the relationship between the social environment and drinking patterns (Chauhan et al., 2016) .
Materials and Methods

Data and Sampling
Outcomes and demographic data were from the California Health Interview Survey (CHIS), a statewide cross-sectional epidemiologic survey conducted annually by the UCLA Center for Health Policy Research. CHIS uses a stratified random-digit dialing approach with mobile and land-line frames, recruiting a sample representing non-institutionalized, housed adults in California. CHIS conducted surveys in six languages in 2015, with response rates of 9.5% for cell phones and 12.3% for landlines; response rates in the combined 2013-2014 cycle were 16.6% and 14.8%, respectively. Our primary analytic sample was comprised of adults ≥18 from a combined CHIS 2013-2015 data file. Dropping 334 observations due to missing census-tract data (explanation of excluded tracts below) yielded an N=61,274, and further excluding observations with responses of "don't know," "not-applicable", or "refused" for covariates yielded a final analytic sample of N=60,196.
Outcome and Additional Variables
Our primary outcome was any episode of self-reported binge drinking in the past year, defined as ≥5 drinks for men or ≥4 drinks for women on any single occasion. In addition to our primary outcome, we obtained several sociodemographic covariates. These were sex; age; a five-category race/ethnicity including white, black, Hispanic, Asian, and mixed/other; educational attainment, categorized as bachelor's degree or higher, some college, high school, and less than high school; national origin, defined as US vs other; household socioeconomic status (SES), defined as % of federal poverty level (FPL); and marital status. Because of their theoretical importance relating to neighborhood gentrification, we also included housing tenure, categorized as own vs. rent/other, and time lived in the current neighborhood, from which we constructed a binary variable with values of <5 years vs ≥5 years living in the current neighborhood (as defined by the respondent).
Classification of Census Tracts
Each respondent was linked by his or her 2010-boundary census tract of residence (available as a variable in CHIS) to one of three tract-level gentrification classifications. Following a slightly-modified version of the approach first described by Lance Freeman (Freeman, 2005) , we defined gentrification at the tract level as change in specified sociodemographic indicators between measurements taken at two points in time. In our case, the initial and final measurements were from the American Community Survey (ACS) 5-year estimates, years 2006-2010 and 2011-2015, respectively . Tracts were deemed gentrifiable if, as of the initial measurement, the median household income of the tract was below the median for the metropolitan area (defined in our case as the Census Based Statistical Area, or CBSA), the proportion of building stock pre-dating 1980 exceeded that of the median tract for the CBSA, and at least 50% of the census block groups were urbanized according to 2010 Office of Management and Budget guidelines. By using measures of tract socioeconomic status and investment level at baseline to determine gentrifiability, this approach provided some control for tract SES when comparing gentrified and stable tracts.
From among gentrifiable tracts, we further classified tracts as gentrifying if, over the period from ACS 2006-2010 to ACS 2011-2015, they saw an increase in the 2015-adjusted median rent and an increase in educational attainment. Tracts meeting the initial three criteria, but not meeting these latter two, were classified as stable, meaning they were gentrifiable at baseline but did not gentrify.
While census tract boundaries remained consistent between ACS 2006 -2010 and ACS 2011 , metropolitan area definitions were updated, requiring reconciliation between 2010 definitions (used for the initial time period) and 2015 definitions (used at the end points). This was possible for all CBSAs except the 2010 Bishop Micropolitan Area, for which we did not identify a comparable 2015 CBSA. Several additional tracts were dropped due to missing data; a geographic review revealed that in most cases these tracts were nonresidential in nature (e.g., federal lands). Of California's 8,057 2010-defined census tracts, we ultimately classified 7,992 tracts, all of which were represented in the final analysis (range of observations per tract = 1-147)
Statistical Analyses
All analyses used Stata (Version 14.1, StataCorp, College Station, TX). We employed a Taylor series linearization method for variance estimation of complex survey data, and survey-adjusted multivariate logistic regression modelling for the final analysis. Exposure to gentrification was the primary independent variable of interest. Inclusion of covariates in our main-effects logistic regression model relied on the a priori relevance of a limited set of sociodemographic indicators theorized to be important predictors of binge drinking, including age, sex, SES, race, nativity, education, marital status, and self-rated health (Centers for Disease Control and Prevention, 2013; Kuntsche et al., 2017) . We also included residential covariates theorized to potentially characterize respondents' relationship to the process of gentrification, including housing tenure and neighborhood residential duration. We used a survey-adjusted chi-square to test for bivariate associations.
In addition to the main-effects-only model, we tested five two-way interactions selected on an a priori basis, adding each individually to the main-effects model. These interactions were between gentrification and covariates selected on the basis of mechanisms by which they might affect the relationship between gentrification and binge drinking, including sex, race, income, housing tenure, and neighborhood residential duration. Three three-way interactions were tested as well, including gentrification and neighborhood residential duration in combination with either race, sex, or income. In interaction models with significant interaction terms, we used Stata's contrasts command, a flexible command that can be used to estimate ANOVA-style linearized contrasts following logistic regression, to obtain subpopulation estimates. We set the p-value cutoff for significance to p <.05 for all models.
Results
Descriptive Characteristics
Table 1 displays population-weighted frequencies of key variables and bivariate associations. A third of respondents reported any binge drinking in the past year. Of the census tracts classified, roughly 1 in 14 were gentrifying from 2006-2015, representing 6.81% of the study population. Of the remaining respondents, 20.50% lived in gentrifiable, stable tracts and 72.69% in non-gentrifiable tracts. Just over half were female, and most were age 25-64, with smaller proportions in the 18-24 and ≥65 groups. White was the largest racial/ethnic group followed by Hispanic, Asian, black, and other/multiple. Over half of respondents were married or in a domestic partnership, just over a quarter were never married, and a relatively small minority were widowed, separated, or divorced. The education level of the sample was fairly high, with over a third possessing at least a bachelor's degree and a quarter each with some college or a high school diploma. Two-thirds were born in the US. Just over half reported owning their homes, with the remainder renting or engaged in some other housing arrangement. Table 2 shows the results of the main effects model (without interactions) and the model containing the neighborhood duration-by-gentrification interaction. In our main effects model, we found no association between binge drinking and residence in either gentrifying (AOR=1.13, 95%CI=0.95-1.34) or non-gentrifiable (AOR=1.07, 95%CI=0.98-1.18) tract types, when compared to stable tracts. Neighborhood residential duration was, however, associated with binge drinking, with those living in the neighborhood ≥5 years less likely to report doing so (AOR=0.82, 95%CI=0.75-0.90). Subsequent testing revealed a significant interaction between gentrification and neighborhood residential duration (p=0.004 for the joint interaction term). When stratified accordingly (see Figure 1 ), living in a gentrifying neighborhood was associated with higher odds of past-year binge drinking among those living in the neighborhood fewer than 5 years, compared to their counterparts in stable neighborhoods (AOR=1.49, 95%CI=1.15-1.93). For those with ≥ 5 years of residence, no such association was seen (AOR=0.98, 95%CI=0.70-1.13). Residence in a non-gentrifiable tract was not associated with binge drinking for either group. The remaining interaction models (both two-way and three-way) did not produce any significant associations not seen in the main-effects model. Several other covariates were significant in the non-interaction model. Females had lower odds of binge drinking than males. Older age groups, when compared to the youngest age group of 18-24, also had lower odds of binge drinking. Several racial/ethnic groups had lower odds of binge drinking than whites, including blacks and Asians. Compared to those in a marriage or domestic partnership, those never married had higher odds of reporting binge drinking, while immigrants had lower odds when compared to native-born US residents.
Logistic Regression Models
Subgroup Analysis
Given the finding of a different effect of gentrification based on duration of neighborhood residence, we examined bivariate associations within the <5-year subgroup, the results of which can be found in Table 3 .
Discussion
Ours is the first study, to our knowledge, examining the association between gentrification and binge drinking-a widespread behavior with considerable costs to public health and the economy. While we did not find an association between gentrification and binge drinking across the population as a whole, we did observe an association when stratifying the sample according to time lived in the neighborhood. Living in a gentrifying census tract was associated with increased risk of binge drinking, compared to living in a stable gentrifiable tract and accounting for other key sociodemographic covariates, only among those who reported <5 years in their current neighborhood.
It was not possible from our data to qualitatively describe a given respondent's role in the "ecology" of gentrification, though from a subgroup analysis comparing <5-year residents of gentrifying neighborhoods to their counterparts in non-gentrifying neighborhoods, it was apparent that-in gentrifying neighborhoods-newer residents were on average slightly wealthier and more highly-educated. While any definition is subjective and subject to disagreement, both education and financial resources are frequently used to characterize the "gentrifiers" in gentrifying neighborhoods. By this logic, one possible conclusion might be that gentrifiers in our sample were more likely to binge drink. However, the gentrificationbinge drinking association among <5-year residents held true even when controlling for multiple sociodemographic factors at the individual level-including race, income, home ownership, education, and age-and the three-way interaction between neighborhood duration, gentrification, and income level was non-significant. Thus, our analysis did not necessarily support the claim that being a "gentrifier" accounted for the entirety of the increased binge drinking risk in the <5-year subpopulation; some members of this group could have moved from adjacent neighborhoods that previously gentrified, thus counting them among those displaced by gentrification (to give one counter-example); others may have moved under unrelated circumstances altogether. Given these possibilities, and the lack of significant model-based interactions involving other sociodemographic factors, our findings raise the possibility that certain properties of gentrifying areas themselves contributed, at least in part, to elevated hazardous alcohol consumption among this more mobile population. Even if gentrifiers accounted for most of the increased risk of binge drinking, community-level factors may have played a role, and thus are worth examining further.
Gentrifying neighborhoods are characterized by widespread change on a rapid timescale (Zuk et al., 2017) . Despite the claim that gentrifying neighborhoods do not experience significant increases in displacement relative to comparable (pre-gentrification) neighborhoods (Freeman, 2005) , the perceived threat of displacement can be considerable, particularly for those groups-such as minorities and low-income residents-historically subjected to displacement (Shmool et al., 2015) . Moreover, the loss of even a single resident or family may have sizeable impacts on a neighborhood's social network (Desmond, 2016) . The change characteristic of gentrification has the potential to disrupt such place-based networks, undoing important community ties, diminishing informal social control, and undermining group political will (Cohen et al., 2008; Sampson, 1997) . It is conceivable that, in this context, individual residential mobility poses a risk-particularly with respect to behaviors, such as heavy drinking, that might otherwise be proscribed by an individual's social network or deviate sufficiently from community expectations so as to be implicitly discouraged (Browning et al., 2008) . Furthermore, residential mobility itself could compound the stresses attributable to impaired neighborhood cohesion (Fullilove, 2005) , leading to binge drinking as stress-coping response (Boden and Fergusson, 2011 ).
Another possible community-level factor concerns the potential impact of changing community composition on local norms. Prior research suggests that white males, especially those who are younger, higher income, and more highly-educated, tend to binge drink more frequently (though in lesser quantities) than those in other demographic groups (Kuntsche et al., 2017) , and that the presence of others who binge drink in one's social network increases the risk of binge drinking (Martins et al., 2017) . These findings raise the possibility that gentrifying neighborhoods create risk for hazardous alcohol use by virtue of demographic changes, beyond that attributable to individual demographics alone. Where gentrifying neighborhoods attract increasing numbers of educated young professionals and students, binge-drinking may become more normalized-even for those from other sociodemographic groups. Given that those who are newer to gentrifying neighborhoods may be more likely to interact with one another than with longer-term residents, there could be a sort of herd effect limited to those more recently arrived in the neighborhood (Ward, 2011) .
Features of the built environment itself could be relevant as well. One feature of gentrification is the presence of new businesses catering to new residents (Sullivan and S. C. Shaw, 2011) ; this mix often features numerous bars and liquor-serving restaurants (K. S. Shaw and Hagemans, 2015) , a higher concentration of which has been associated with binge drinking (Popova et al., 2009 ). These establishments may be more routinely frequented by those new to a gentrifying neighborhood, who may be less likely to perceive them as exclusionary or out of step with the neighborhood culture; indeed, gentrifying neighborhoods' long term residents often perceive such businesses as not for them (Freeman, 2006) .
With respect to the all of the environmental factors hypothesized above, it may be useful to think of gentrifying neighborhoods as two neighborhoods (the old and the emerging) geographically superimposed upon one-another. By this logic, it would make sense that different groups of residents might experience the local environment-both social and physical-quite differently, depending on their history with, day-to-day experience of, and expectations for the neighborhood. Considered this way, it is easy to see how certain neighborhood effects on health and behavior might vary according to how long one has lived in a gentrifying neighborhood.
Study design factors could also be relevant. It is possible that the effects of gentrification on the population already living in a neighborhood take some time to emerge. Because outcomes data were from a period inclusive of the last three years of our designated gentrification "window," it may be that these data were obtained too early in the course of gentrification to see an effect involving long-term neighborhood residents.
We must comment briefly on the fact that sex, race, housing tenure, and income did not appear to modify the relationship between gentrification and binge drinking. Other studies have suggested that the health of black populations are particularly affected by gentrification, a finding hypothesized to be related to the stress gentrification places on black communities in the context of decades of deeply-ingrained racism, segregation, and forced mobility (Gibbons and Barton, 2016; Huynh and Maroko, 2014) . As binge drinking is relatively less common among blacks, it may be that the stress of gentrification was simply not expressed in substantial increases in hazardous alcohol consumption among black respondents. Indeed, the opposite may have been true, given our finding of an inverse association between self-rated general health and binge drinking. With respect to income and housing tenure-other demographic factors likely to shape one's experience of gentrification-the lack of interaction could support the idea that gentrification's health and behavioral effects-at least with respect to binge drinking-do not primarily operate through mechanisms directly related to SES or housing, at least on the time-scale applicable to our analysis (i.e., that physical displacement and its effects would have needed longer than the ~10-year timeframe of our study to manifest in measurable effects of any kind on these outcomes). It may also be that those most vulnerable to the income-related effects of gentrification, including those marginally-or informally-housed or already displaced from a gentrifying neighborhood, were simply excluded from the analysis.
We recognize that our study has limitations. First, our cross-sectional data preclude us from drawing causal conclusions. However, given a dearth of research on the health and behavioral outcomes associated with gentrification, our findings are a substantive contribution to the literature-particularly given a large, diverse sample-and facilitate the design of further studies. Second, residual confounding is an analytic limitation, leaving open the possibility of bias due to unmeasured variables or variables otherwise excluded from our model; however, our approach of using a limited set of key sociodemographic variables shown to be associated with binge drinking is generally valid, particularly in an exploratory study such as this. Third, the response rate for CHIS itself was relatively low, and it is possible that individuals particularly vulnerable to the effects of gentrification were less likely to respond to the survey. Fourth, using past-year binge drinking as an outcome is a less nuanced assessment of binge drinking behavior and may have introduced recall bias (given the duration of time involved). However, we were limited by the available data, particularly as relatively few respondents reported binge drinking in the past 30 days. Pastyear binge drinking at a minimum delineates a population engaging in at least some amount of this important form of hazardous alcohol use. Fifth, our decision to define as gentrifiable all census tracts in California with at least 50% urbanized census blocks means that many smaller cities were included for analysis, while some have argued that gentrification is primarily a phenomenon of major cities. However, we used this approach because it is easily reproducible and can be readily generalized to other geographic areas; further, many of the changes typical of gentrification are increasingly occurring in smaller cities, and we feel these areas should not be neglected by gentrification researchers (R. J. Smith et al., 2017b) .
Conclusion
Interventions with even a modest effect on the prevalence binge drinking may yield substantial benefits both to the public health and to the economy, given the widespread nature of binge drinking and its significant costs to both. Our results suggest neighborhood gentrification is a possible risk factor for binge drinking among residents newer to these neighborhoods. This finding warrants further investigation into the relationship between gentrification and binge drinking, as well as other forms of alcohol and other substance use. Future studies should employ longitudinal or quasi-experimental approaches to improve causal inference and better delineate the roles of different subpopulations in the gentrification ecosystem, use more detailed assessments of substance use, and draw on other methods-such as qualitative approaches-to investigate key mechanisms. Such research will be important in shaping policies that mitigate some of gentrification's most problematic effects and, hopefully, will guide us toward more equitable and sustainable approaches to neighborhood investment and redevelopment, ones that diminish, rather than exacerbate, health disparities. Adjusted odds ratios for the association between gentrification and binge drinking among the population as a whole and stratified by neighborhood residential duration. .32 n/a n/a n/a n/a n/a n/a n/a 
